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Abstract 

In the Western Indian Ocean (WIO), local communities are increasingly assuming responsibility for inshore marine resources 
either on their own or through collaborative management arrangements with governments or non-state actors. In this 
paper, we trace the evolution and expansion of community management in the WIO and present the first ever inventory 
and assessment of the region's locally managed marine areas (LMMAs). We compare the key attributes of these areas to 
those under government stewardship and assess their relative contributions to progress towards the Convention on 
Biodiversity (CBD) target of 10% of marine and coastal ecological regions to be effectively conserved by 2020. We also 
explore the legal frameworks that underpin locally managed marine initiatives in Kenya, Madagascar, Mozambique and 
Tanzania to assess the potential for future expansion. A principal finding is that whilst LMMAs protect more than 11,000 
square kilometres of marine resource in the WIO, they are hampered by underdeveloped local and national legal structures 
and enforcement mechanisms. In our recommendations to improve local management, we suggest establishing a network 
of LMMA practitioners in the WIO region to share experiences and best practice. 
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Introduction 

Despite their value to humans, marine ecosystems worldwide 
are threatened by a range of anthropogenic pressures, including 
pollution, habitat loss, climate change and overfishing [1-3]. 
These impacts have drained populations of culturally and 
economically important fish stocks and reduced structural 
complexity of various marine communities across a rich range of 
habitats, species and trophic levels [3-5] . 

In the Western Indian Ocean (WIO) as throughout the world, 
Marine Protected Areas (MPAs) have been a primary manage- 
ment approach in attempts to alleviate anthropogenic pressures 
[6]. An MPA is defined by IUCN as: "A clearly defined 
geographical space, recognised, dedicated and managed, through 
legal or other effective means, to achieve the long-term 
conservation of nature with associated ecosystem services and 
cultural values." [7]. Solid evidence from MPAs, particularly for 
No-take Zones (MPAs that allow no extraction), shows that 
protection can increase average size, diversity, abundance and 
biomass of species [3,8,9] and that some of this biomass can be 
exported beyond protected boundaries [10-12]. MPAs can also 
play an important role in climate change adaptation, enhancing 
ecosystem resilience and protecting vital ecosystem services 
[13,14]. 

In 2002, international leaders at the World Summit on 
Sustainable Development set the first target for the establishment 
of a global system of MPAs [15]. This target was formally 
quantified four years later, when the parties to the Convention on 
Biological Diversity (CBD) committed to effectively conserving 



10% of each of the world's ecological regions by 2012 [16]. In 
2010, the parties pushed back the deadline to 2020 and adopted 
Aichi Biodiversity Target 1 1, with a revised goal of conserving "at 
least 1 7 per cent of terrestrial and inland water, and 1 0 per cent of 
coastal and marine areas, through effectively and equitably 
managed, ecologically representative and well connected systems 
of protected areas and other effective area-based conservation 
measures" [17]. 

Initial progress towards these targets was slow: based on the rate 
of MPA expansion to 2008, Wood estimated that the 10 percent 
figure would not be achieved until 2047 [18]. In contrast, the most 
recent analysis [19], paints a more optimistic picture. MPA 
coverage has increased dramatically, quadrupling between 2002 
and 2012 {ibid.). MPAs now cover 8.3 million km 2 , 2.3% of the 
global ocean area and 7.9% of the continental shelf and equivalent 
areas (i.e. less than 200 m deep) (ibid.). So pronounced is the 
increase that the 10 percent Aichi CBD target could be reached, 
even before 2020 (ibid.). However, a few very large MPAs are 
largely responsible for this apparent reversal of fortunes, a trend 
that looks set to continue as new super-sized protected areas come 
online in Cook Islands and New Caledonian waters [19,20]. 
Further, most of these MPAs are located in uninhabited or low- 
population-density areas [19] and/or in developing countries 
where enforcement is weak to non-existent [2 1] . 

Although their popularity continues to increase, marine 
protected areas often fall short of their original goals and 
sometimes fail entirely, though published negative evaluations 
are rare. Inadequate long-term funding and widespread manage- 
ment failure have resulted in unenforceable and ineffectual "paper 
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parks" [22]. The most recent global evaluations suggest that less 
than 16% of MP A managers feel they have adequate funding for 
effective conservation [23] and that just 15% of coral reef MPAs 
are effectively managed [24]. Regional evaluations have reached 
similar conclusions. In a recent review of marine conservation 
successes in the WIO, for example, Samoilys & Obura [25] only 
mention one example of successful government-established MPAs: 
those of Kenya. 

Locally managed marine areas 

As a result of disappointment with top-down, centralised 
government interventions, and facilitated by increasing recogni- 
tion of the relative strength of local institutions [26-28] local 
communities throughout the Indo-Pacific are increasingly assum- 
ing responsibility for inshore marine resources through collabora- 
tive partnerships with governments and/or non-state actors [29- 
32]. In the Pacific, areas where marine resources are at least in 
part under community control are usually termed "locally 
managed marine areas" (LMMAs) [33]. In the WIO, the terms 
used vary more widely, encompassing not only LMMA, but also 
Collaborative Fisheries Management Area and Community 
Conservation Area, as well as local names such as tengefu, hifadhi 
za kijamii and vilindo vya wenyeji in Kenya [25,34] . Although the 
level of community involvement and the overall management 
model is context-specific to an extent, a key aspect is local control. 
Technical support may be provided by government agencies, 
private sector stakeholders or non-governmental organisations, but 
it is the resource users themselves who make most of the 
management decisions, including the location of any protected 
areas [35-37]. 

Despite its relatively recent popularity, the approach of 
managing and conserving marine resources at the local level is 
actually centuries old [28,38,39]. In many tropical nations, 
especially in Pacific Island countries, informal systems of 
community marine management were in place prior to colonialism 
[38,39]. Further, the tradition of customary marine tenure (CMT) 
- the right to control access to local fishing grounds - in Pacific 
Island countries provided an ideal socio-cultural platform on 
which modern day LMMAs could evolve [40] . However, although 
there are sacred coastal sites that are protected for spiritual reasons 
in places like Kenya and Tanzania [41,42] as well as several 
taboos around fishing [43], there is no tradition of CMT and this 
may partly explain why the establishment of LMMAs is a more 
recent phenomenon in the region. 

In the Pacific, more than 500 communities in 15 countries 
manage 12,000 km 2 of coastal resources, 1,000 km 2 of which 
constitutes full no-take protection [33]. In the Western Indian 
Ocean, little is known about the status or extent of LMMAs. In 
this paper, we present the first inventory of LMMAs in the WIO 
and assess them in terms of geography, numbers, size and 
governance structures. We compare the key attributes of these 
areas to those under government stewardship and evaluate 
potential contributions to international biodiversity commitments. 
To determine prospects for future LMMA expansion, we also 
explore the legal frameworks that underpin locally managed 
marine initiatives in Madagascar, Kenya, Mozambique and 
Tanzania. Finally, we make recommendations for improving local 
marine management, including the establishment of a regional 
network of practitioners to facilitate the sharing of experiences and 
best practice. 



Methods 

Locally managed marine areas: a definition 

Following Govan et al [44] , we define a locally managed marine 
area as "An area of nearshore waters and coastal resources that is 
largely or wholly managed at a local level by the coastal 
communities, land-owning groups, partner organizations, and/or 
collaborative government representatives who reside or are based in 
the immediate area." Under this definition, LMMAs are managed 
for sustainable use rather than for conservation per se [24]. Many 
LMMAs employ a combination of management techniques, 
including periodic closures, gear restrictions, species specific 
reserves and permanent fully protected (closed) no-take zones 
[45,46]. 

This wide variety of approaches and focus on sustainable use 
has lead some to question whether LMMAs should qualify as 
protected areas and thereby count towards international biodi- 
versity targets [47]. For the IUCN, for example, "only those areas 
where the main objective is conserving nature can be considered 
protected areas; this can include many areas with other goals as 
well, at the same level, but in the case of conflict, nature 
conservation will be the priority" [7]. 

Others [44,48], notably the CBD, are perhaps mindful of the 
informal nature of many LMMAs and less concerned about the 
need for an overarching conservation objective. By assuming that 
LMMAs can help WIO nations to meet their CBD obligations, 
this second approach is the one we adopt here. 

Based on categories suggested by Sen and Raakjaer Nielsen [49] 
we developed a typology that classifies sites in the WIO along a 
four-point spectrum according to the extent to which resource 
management is shared between government and user groups. 

Level 1: Central:. Governments or non-state actors designate 
and manage the area. No mechanisms exist for dialogue with users 
and decisions are taken by resource managers. 

Level 2: Consultative:. Governments or partner organisa- 
tions designate and manage the area. Whilst mechanisms exist for 
dialogue with users, in practice, most decisions are taken by 
resource managers. 

Level 3: Cooperative:. Local communities and governments 
or non-state actors cooperate together as equal partners in decision 
making. 

Level 4: Local:. In this type of arrangement, government has 
delegated management authority to local communities. The remit 
of government or partner organisations is largely restricted to 
providing advice and endorsing management decisions made by 
local communities. 

For this paper, we classified level 3 and 4 sites as LMMAs and 
level 1 and 2 sites as MPAs. For the sake of clarity, we refer to the 
four levels collectively as Marine Managed Areas (herein MMAs) 
[44]. 

Study Site 

The Western Indian Ocean region refers to the African coastal 
states of Somalia, Kenya, Tanzania, Mozambique and South 
Africa, together with the Indian Ocean island states of Comoros, 
Madagascar, Mauritius and Seychelles, as well as the two French 
overseas departments Mayotte and Reunion (Figure 1). Basic 
geographic and socio-economic information for the region is 
summarised in Table 1. 

The mainland WIO area stretches for 13,000 km along the 
coast from Somalia in the north to South Africa in the south. The 
island states consist of more than 400 islets and islands with a 
combined coasdine of 6,360 km. The region is ecologically and 
socio-economically diverse. Overall species composition is rich, 



PLOS ONE | www.plosone.org 



2 



July 2014 | Volume 9 | Issue 7 | e103000 



Towards a New Locally Managed Marine Area Network 




Figure 1. LMMAS and MPAs in the Western Indian Ocean. 

doi:1 0.1 371 /journal. pone.0103000.g001 

exceeding 11,000 species of marine flora and fauna, 60-70% of coastal fishes, 3,000 molluscs, 450 crabs, 400 echinoderms and five 
which are endemic to the Indo-Pacific ocean [50,51]. There are at of the world's seven marine turtle species [50-52]. 
least 369 species of coral, 10 mangrove and 12 seagrass, 2,200 
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Table 2. Mean area of MPAs 


in the Western Indian Ocean and 


numbers existing by decadal creation date. 






Number of 


Average 


Year created 


MPAs created 


size (km 2 ) 


1965-1974 


7 


49.1 


1975-1984 


16 


36.5 


1985-1994 


10 


25.3 


1 995-2004 


26 


292.4 


2005-2014 


15 


8920.8 



doi:1 0.1 371 /journal.pone.01 03000.t002 



The WIO region has a population of around 152 million 
people, of which approximately 48.3 million (31.8%) live within 
100 km of the coast (Table 1). Population density is diverse, 
ranging from 15 people per square kilometre in Somalia to 395 in 
Comoros and 631 in Mauritius. Economically, excluding the 
French territories (Mayotte, Reunion), GNI per capita totals in the 
island nations are significantly higher than on the mainland, with 
figures from the Seychelles more than 12 times those of Kenya and 
more than 18 times those of Tanzania, two of the largest 
economies on the mainland. The higher level of socio-economic 
development in Mauritius and the Seychelles is also underscored 
by human development index scores, with Seychelles ranked 52 in 
the world and Mauritius 77-91 places higher than Kenya, which is 
ranked third in the WIO region. 

Data Compilation 

To gather data on level 1 and 2 sites, we synthesised a list of 
MPAs in the eleven territories under consideration from the 
academic literature, government agencies, non-government and 
intergovernmental organisations' reports, and from the World 
Database on Protected Areas. We captured information on IUCN 
category, size and age. 

To calculate threat levels to marine resources and MPA 
effectiveness, we undertook a region-specific re-analysis of global 
spatial data from Burke et al. [24] 's Reefs al Risk Revisited, thus 
confining ourselves to coral reef habitats. We extracted data on 
reef extent, reef threats, MPA extent and MPA effectiveness for 
each nation (one province for South Africa) in the WIO. The MPA 
effectiveness data for the Western Indian Ocean in Burke et al. 
[24] cover 59 coral reef MPAs, 66% of the MPAs we documented 
in this analysis. Because effectiveness was determined through a 
rapid review using scores from regional experts rather than from 
field practitioners, there may be a sampling bias toward better- 
known sites, with a potentially higher proportion of ecologically 
effective sites than would be found overall (ibid.). Where one or 
more of the authors of this study had in-depth and more recent 
experience of one of the sites, these ratings were updated where 
necessary (n = 6) to give a more accurate picture. All spatial 
modelling was performed with the ArcGIS™ 10.1 Geographic 
Information System software, and the ArcGIS™ Spatial Analyst 
extension. 

To assess contributions towards international biodiversity 
commitments, we measured the progress of each country, except 
France, towards achieving the Convention on Biological Diver- 
sity's (CBD) target of 10% of marine and coastal ecological regions 
to be effectively conserved by 2020 [17]. Progress was assessed by 
calculating the percentage coverage by MPAs and LMMAs of the 
continental shelf to 200 m depth after Wells et al. (2007) [53]. 

The list of level 3 and 4 sites, the LMMAs, was based on 
information gathered from LMMA workshops at the Seventh 



WIOMSA (Western Indian Ocean Marine Science Association) 
Scientific Symposium, held in Mombasa, Kenya in October 201 1 
and the Madagascar LMMA Forum, held in June 2012 in 
Madagascar. The initial workshop outputs were supplemented by 
an extensive electronic search for published literature using several 
electronic databases (including Web of Science, ScienceDirect, 
EconLit, WorldFish Library Catalog and CAB Direct). To capture 
potential LMMA sites documented in grey literature, we used 
Google.com and Google Scholar and examined the first 100 hits 
from each of our searches. Criteria for inclusion of an LMMA in 
the final list were that its area under management had been 
formalised through some form of legislation, usually a by-law. We 
combined the outputs of the workshop and literature searches to 
create our inventory of a total of 1 36 MMAs in the Western Indian 
Ocean and liaised with key individuals and officials to determine 
or verify locations, sizes and governance structures of these areas. 

Results and Discussion 

MPAs in the Western Indian Ocean 

Formally recognised MPAs have been around in the WIO since 
1965, when the Ilhas da Inhaca e dos Portugueses Faunal Reserve 
(now part of the Ponta do Ouro Partial Marine Reserve) was 
gazetted in Mozambique [54]. Both Madagascar and Kenya 
followed suit over the next three years, establishing Nosy Tanikely, 
the Malindi and Watumu Marine National Parks and the Malindi- 
Watumu Marine National Reserve [54] . Today, all WIO countries 
have gazetted MPAs, except for Somalia, where the lack of a 
central administration has made it very difficult to practice 
conservation [55,56]. 

The 74 MPAs identified have a total coverage of 133,273 km 2 . 
Early protected areas tended to be smaller than their contempo- 
rary counterparts and were often designed to protect a specific 
habitat such as a turtle-nesting beach [53]. Indeed, the smallest 
MPA in the WIO, the 0.01 km 2 Cousin Island Special Reserve in 
the Seychelles dates from 1975. Table 2 shows how the average 
size of protected areas in the region increased by a factor of six 
from 49.1 km 2 between 1965-1974 to 292.4 km 2 between 1995- 
2004 as the emphasis shifted to larger, zoned multiple-use sites 
such as the Quirimbas and Bazaruto Archipelago National Parks 
in Mozambique. The two largest MPAs in the region are also 
among the newest: the Marine Park of the Glorieuses, designated 
in February 2012, and the neighbouring Marine Park of Mayotte, 
designated two years previously (Personal communication, Pascale 
Chabanet). The combined area of these new parks alone is more 
than 100,000 km 2 , constituting more than 84% of the total MPA 
coverage in the WIO region. This trend towards larger marine 
protected areas is continuing, with the newly designated Primeiras 
and Segundas MPA in Mozambique covering over 10,000 km 2 
[57]. Although declarations of large MPAs represent a step 
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Table 4. Extent of MPA (level 1 and 2) and LMMA (level 3 and 4) coverage and current progress towards achieving international 
biodiversity conservation targets. 



Country* 


No. of 
MP As 


MPA 

coverage C/o) 1 


No of 
LMMAs 


LMMA av. 
Size (km 2 ) 


LMMA 

coverage (%) 2 


LMMA + MPA 
coverage (%) 3 


Comoros 


1 


28.5 


0 


NA 


0.0 


28.5 


Kenya 


9 


9.9 


14 


7.83 


1.3 


11.2 


Madagascar 


8 


2.7 


34 


195.16 


6.9 


9.6 


Mauritius 


13 


0.5 


0 


NA 


0.0 


0.5 


Mayotte 


1 


100.0 


0 




0.0 


100.0 


Mozambique 


6 


19.9 


1 


18 


0.0 


19.9 


Reunion 


1 


3.6 


0 


NA 


0.0 


3.6 


Seychelles 


14 


0.6 


0 


NA 


0.0 


0.6 


Somalia 


0 


0.0 


0 


NA 


0.0 


0.0 


South Africa 4 


4 


6.0 


0 


NA 


0.0 


6.0 


Tanzania 


10 


13.0 


12 


341.38 


45.8 


58.7 


Tanzania -- Zanzibar 


3 


11.2 


1 


470 


5.3 


16.4 


WIO** 


69 


7.0 


66 


1 82.73 


3.8 


10.9 



1 Percentage of continental shelf within marine protected areas (level 1 and 2). 
Percentage of continental shelf within locally managed marine areas (level 3 and 4). 
Percentage of continental shelf within marine protected areas and locally managed marine areas. 
4 South Africa only includes KwaZulu Natal, the Province that borders the WIO. 
*Excludes lies Eparses. 

**AII are regional totals, except LMMA av. Size (km 2 ) which is a mean. 
doi:1 0.1 371 /journal.pone.01 03000.t004 



forward in marine biodiversity conservation, knowledge of the 
effectiveness of these areas is needed to properly assess achieve- 
ments in addressing the Aichi CBD targets. 

Effectiveness of protection of MPAs 

Even with the large increase in coverage afforded by the 
Mayotte and Glorieuses reserves, the 74 MPAs (outlined in Table 
SI) protect just 7.3% of the continental shelf in the region 
(Table 3). 

Seventy six percent of reefs in the WIO are at risk from local 
threats, with half (49.7%) rated at high or very high risk. The 
problem is most acute in the mainland coasts of Somalia and 
Tanzania and the islands of Reunion and Comoros, where more 
than 90% of reefs are threatened. The largest single threat is 
overfishing, which affects 72% of coral reefs, particularly on the 
densely populated coastlines of southern Kenya and Tanzania 
(Table 3). Watershed-based pollution is a problem in places like 
Madagascar, where widespread deforestation has caused extensive 
erosion and siltation in coastal areas [24] . Dynamite fishing is also 
an issue, primarily on the mainland Tanzania coast where it has 
occurred for decades [25,58], but it also occurs in Moheli Marine 
Park in Comoros (MS pers. obs. 2010). 

Only 29.6% of reef-related MPAs assessed in the region were 
found to be effective. Whilst the effectiveness of MPAs within the 
WIO appears to range from 0-100% effective, it is important to 
recognise that artefacts occur at both extremes. For example, 
Madagascar's MPAs receive a 100% rating because only one of 
the seven MPAs was actually appraised, while Mayotte's score of 
0% predates the establishment of the new marine park in 2010 
(Personal communication, Pascale Chabanet). 

LMMAs in the Western Indian Ocean 

Four of the eleven nations under consideration have active 
LMMA projects (Table S2). Unlike the region's legislated MPAs, 



the WIO's LMMAs are newer endeavours. Of the 62 sites 
identified, 60 (96.8%) were established after the year 2000, in line 
with the passing of legislation to decentralise marine resources 
management in Kenya, Tanzania, Mozambique and Madagascar. 

The 62 LMMAs for which we obtained reliable estimates of size 
amount to 1 1,329 km 2 in total. These varied across four orders of 
magnitude: the largest, at 1,966.7 km 2 , is Madagascar's Anki- 
vonjy; the smallest, at 0.118 km, Mkwakwani/ Trade winds in 
Kenya. Mean LMMA size was 183 km 2 , with a quarter of sites 
smaller than 2.12 km and with a median size of 20.75 km . 
However, these figures obscure important differences between 
countries, highlighted in Table 4. For example, Kenya's 14 
nascent LMMAs protect a total of 109.6 km 2 of marine resource, 
37 times less than the 4,096.5 km 2 under management in 
Tanzania and 61 times less than Madagascar's LMMA coverage 
of 6,635.3 km 2 . 

Combined coverage and progress towards international 
targets 

In the Western Indian Ocean, MMAs cover a combined 
34,321.4 km 2 of the continental shelf (10.9% -Table 4). Assuming 
that percentage of the shelf is an acceptable proxy for the Aichi 
Biodiversity Target 11 target of 10% of marine and coastal areas 
protected by 2020, then Comoros, Kenya, and Tanzania have 
already achieved the target (with respective figures of 28.5%, 
11.2% and 37.6%). Mozambique (19.9%) has also achieved the 
target, primarily due to recent designation of Primeiras and 
Segundas MPA, whilst Madagascar is on course to do so, should 
the Barren Isles LMMA be established as scheduled in 2014. In 
total, LMMAs in the WIO cover 11,329.4 km 2 , 3.6% of the 
region's continental shelf. The differences between LMMA and 
MPA coverage are particularly pronounced in mainland Tanzania 
and Madagascar, where LMMAs cover 3.5 and 2.6 times more 
area than MPAs, respectively. 
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Locally managed marine areas in the WIO: legal context 

Locally Managed Marine Areas exist primarily in Kenya, 
Madagascar, Mozambique and Tanzania. To determine potential 
for future expansion, here we assess the co-management systems in 
these four countries by exploring legal context, quantifying 
successes and identifying barriers to replication (Table 5). 

Kenya. Before the recent introduction of Beach Management 
Units (BMUs) under Legal Notice 402 of the Fisheries Act, marine 
resource management took a centralised, top-down approach in 
Kenya [59]. BMUs are a co-management tool for small-scale 
fisheries initially developed to improve inland fisheries on Lake 
Victoria [60]. A BMU is an association of fishers, fish traders/ 
mongers, boat owners, fish processors and other fishery stake- 



holders centred on a coastal landing site and formally led by an 
executive committee of stakeholders [59,61]. With the support and 
permission of officials from the Department of Fisheries, these 
BMUs are able to devise and enforce by-laws to govern their 
fishery, allowing them to delineate its boundaries and for example, 
exclude non-registered fishers or boats from the area [59,62]. 
There are presendy around 60 BMUs along the Kenyan coastline 
[61]. Many of these exist only in name, and are yet to formalise 
their areas of jurisdiction or develop their by-laws [61,62]. 

The 2007 BMU Regulations provide a legislative framework to 
establish Locally Managed Marine Areas in Kenya. Kenya's first 
LMMA dates from 2006, when the community of Kuruwitu on 
the central Kenyan coast established the Kuruwitu Community 



Table 5. Key features of LMMA initiatives in the Western Indian Oceans. 





Country 


Formal 
LMMAs 


LMMA 

success 1 


LMMA 
potential 2 


Key local-level 
institutions 


Key enabling 
legislation 


Local name 
for LMMAs 


Comoros 


No 




Low-Medium 


Village fishing 
associations 






Kenya 


Vac 

ves 


Medium 


nign 


Beach 

Management 
Units (BMUs) 


Beach 

Management 
Unit Regulations 
2007 


Community Conservation Areas, t€ng€fu, 
Local Marine Management Areas (also 
LMMAs} 


Madagascar 


Yes 


High 


High 


Village and multi- 
village level 
fishing 

associations. Village 
councils 
(Fokontany), 
Communes 


Gestion Locale 
Securisee 
(GELOSE), 
dina, Decret 
d'Application 
No 848-05 


LMMA, Community Managed Protected 
Area 


Mauritius 


No 




Low 






- 


Mayotte 


No 




Low 








Mozambique 


Yes 


Low 


Medium 


Fishing Community 
Councils 

(CCPs - Conselho 
Comunitario de 
Pescas) and 
Co-management 
Committees 
(CCG - Comite 
de Co-Gestao} 


2003 Regulation 
on Marine 
Fisheries 




Reunion 


No 




Low 








Seychelles 


No 




Medium-low 


Praslin Fishers 
Association 






Somalia 


No 




Low 








South Africa 


No 




Medium-high 


Local 

Subsistence 

Co-Management 

Committees 


Policy for the Small 
Scale Fisheries 
Sector in South 
Africa 


Small Scale Fishing Community Area * 


Tanzania 


Yes 


High 


High 


Beach 

Management 
Units (BMUs) 


2003 Fisheries Act 
and its principal 
Regulations 
of 2009 


Collaborative Management areas, 
Collaborative Fisheries Management 
Areas (CFMAs) 


Tanzania -- Zanzibar 


Yes 


Medium 


Medium-low 


Village Fisheries 

Committee 

(VFC), Village 

Conservation 

Committee 

(VCC) 


Environmental 
Management for 
Sustainable 
Development Act 
1996, The Marine 
Conservation Unit 
Regulations** 





1 Level of success in establishing LMMAs to date. 
Potential to establish more LMMAs in future. 

*Forthcoming. Communities will be able to apply several control measures within this area, including quotas and gear restrictions, as well as closed seasons and areas. 

**ln draft, awaiting finalization. 

doi:1 0.1 371 /journal.pone.01 03000.t005 
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Managed Conservation Area [63,64]. Through a local umbrella 
organisation, the Kuruwitu Community Welfare Association, 
residents designated a 0.29 km 2 no-take zone [62,63]. Since 
establishment, live hard coral cover within the LMMA has 
increased by an estimated 30%, whilst fish numbers have grown 
by 200% [62]. 

Predating the 2007 BMU Regulations, Kuruwitu lacked 
legislative support and depended on acceptance from nearby 
communities and support from the East African Wildlife Society 
[63,65]. Nonetheless, the reserve's success has attracted interest 
from other fishing communities along the Kenyan coast, and it is 
likely that Kuruwitu, along with community exchange visits to the 
Collaborative Management Areas in Tanga, northern Tanzania, 
helped to catalyse the development of the 2007 BMU regulations 
and the designation of further LMMAs [25,62,63]. At present, 
there are 1 4 operational LMMAs in Kenya, covering 1 1 0 km 2 
(Table S2). 

This rapid increase in LMMA numbers suggests that local 
communities perceive them to be beneficial, and has occurred in 
spite of a lengthy development process involving consultations, 
community surveys, mapping and management plan creation [45] . 
However, several issues remain, including insufficient capacity for 
effective monitoring, control and surveillance in local communi- 
ties, lack of funding and alternative livelihoods, conflicts of interest 
between stakeholders, legislative overlap and conflicting mandates, 
and a poor understanding among local communities of the legal 
procedures involved in designating an LMMA [34,63,66]. A 
further challenge relates to lack of land ownership. In Kuruwitu, 
for example, the Association hopes to establish a community-run 
eco-lodge to accommodate visiting tourists, but has so far found it 
impossible to obtain rights to coastal land on which to construct it 
[62,63]. 

Recent reforms to land policy offer some hope [66] . If these can 
be combined with guidelines to standardise LMMA establishment, 
as well as with education and awareness programmes at the local 
level, then Kenya will be well-placed to lead the LMMA 
revolution along the coasts of mainland East Africa [63] . 

Tanzania - mainland. In mainland Tanzania, co-manage- 
ment of marine resources dates back to the mid 1 990s, when a 
collaborative approach was initiated in the coastal waters of the 
Tanga region [67]. The Tanga Coastal Zone Conservation and 
Development Programme operated with donor funding from 1994 
until 2005 and has continued since as the Tanga Coastal Zone 
Resources Center, a District and Regional government initiative 
[68]. Under this Programme six collaborative management areas 
were established between 1997 and 2001 covering a total of 
1 ,604 km 2 (Table S2). They have legal recognition in the form of a 
by-law, as well as formal endorsement from the Director of 
Fisheries [25,69]. 

Each of the Tanga LMMAs has a no-take-zone collaboratively 
policed by fisheries officers and local communities. Ecological 
monitoring since 1999 showed that these closures — the first on the 
East African coast to be established and actively managed by local 
fishing communities - had higher densities of fish and inverte- 
brates, leading to positive impacts on local livelihoods, at least until 
2004 [70,71]. Since then, dynamite fishing, which was almost 
completely eradicated in the region between 1998 and 2004, has 
returned [25]. 

Mainland Tanzania also has coastal Beach Management Units, 
established by the 2003 Fisheries Act and its principal Regulations 
of 2009 [72,73]. As in Kenya, BMUs empower communities to 
manage local fisheries resources, giving them the rights to restrict 
certain gears and control access through licencing [74]. Co- 
management of fisheries resources has spread rapidly in Tanzania, 



and there are currently 1 79 coastal BMUS, of which 68 have 
management plans and 39 have legal recognition through by-laws 
[75,76]. 

BMUs are increasingly establishing Collaborative Fisheries 
Management Areas (CFMAs) as a higher-level mechanism to 
manage their shared resources [76] . CFMAs, a type of LMMA, 
can protect the fishing grounds of an individual BMU or, more 
commonly, the shared resources of several [77]. Typically, BMUs 
with legal recognition first consult with neighbouring Units to 
determine the boundaries of the CFMA, before establishing a Co- 
ordination Committee. The Committee, which is composed of 
representatives from each BMU within the proposed area, 
synthesises management proposals from individual Units into a 
draft CFMA management plan, and acts as a networking 
mechanism for BMUs [77,78]. Once the draft plan is approved 
by each participating BMU, the CFMA can be given legal 
recognition in the form of a District Council by-law. At present, 
there are six CFMAs in mainland Tanzania, all established with 
the assistance of the WWF as part of a programme in the Rufiji, 
Mafia and Kilwa Districts of central Tanzania [34,75]. The six 
areas cover a total 2,498 km 2 across 21 BMUs, 2.5% of which 
(61.2 km ) has no-take protection, initially for a 2-year period [78] . 
The programme is so far showing some promise: incidences of 
illegal dynamite fishing and seine netting have decreased, and 
there is a perception among resource users that fish abundance is 
starting to recover [79]. 

Tanzania - Zanzibar. BMUs (and CFMAs) do not exist in 
Zanzibar, a semi-autonomous region of the United Republic of 
Tanzania with separate environmental law and policy. The most 
comparable institution is the Village Fisheries Committee (VFC), a 
local-level organisation comprising 10 elected members [34]. 
VFCs were formed in all coastal fishing villages when devolution of 
marine resource management began in 1994 [80]. VFC jurisdic- 
tion depends on village boundaries and distance covered by local 
fishers. Responsibility for enforcement of regulations is shared 
between the Committee and the Department of Fisheries and 
VFCs can draw-up by-laws to manage resource use [80,81]. 

In Zanzibar, the legal basis for MPA establishment is provided 
by the Environmental Management for Sustainable Development 
Act 1996 [82]. The Act recognises the need to involve local 
communities in MPAs, enabling co-management arrangements 
analogous to LMMAs to develop at Misali Island and Menai Bay, 
albeit with a degree of State oversight [53,81,83]. 

In recent years, however, it appears that conservation of marine 
resources has become more centralised, less transparent and less 
participatory [84]. For example, Misali Island, a community- 
initiated attempt to resist tourism development, was subsumed into 
the larger Pemba Channel Conservation Area in 2005, with a 
consequential decline in community involvement [50,83-85]. 
Further, whilst the forthcoming Marine Conservation Unit 
regulations [86] include provisions to promote community 
involvement in marine resource management, the overall 
approach is top-down in nature [84] . These regulations will need 
a degree of revision if local management is to flourish in Zanzibar. 

More broadly, both mainland Tanzania's BMUs and Zanzi- 
bar's VFCs lack capacity in many crucial areas including conflict 
resolution, financial management, project planning and marine 
ecology [34,75,79]. There are clear cultural, legal, political and 
institutional similarities between Kenya and Tanzania, so the 
efforts that are presently underway in both countries to address 
capacity constraints and promote sustainable financing would 
likely benefit from sharing experiences and resources. 

Madagascar. One of the traditional values recovered 
following Madagascar's independence in 1960 was the social 
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code. In rural communities, this social code - known as the dina - 
is a community law, generally communicated through oral 
tradition, though written down in some cases [87]. In 1996, the 
Malagasy Government introduced the Gestion Locale Securisee 
(GELOSE), a legal framework designed to integrate the dina with 
governmental laws to enable community-based management of 
natural resources [87]. 

Seven years later, at the fifth World Parks Congress in Durban, 
South Africa, the Malagasy president recognised the need to 
protect the country's unique natural assets and committed to the 
Durban Vision, a national conservation plan to triple the amount 
of protected area coverage [88] . This was codified into law shordy 
afterwards as a new decree (Decret d'Application No 848-05) for 
the existing Code des Aires Protegees [88]. The decree set up a 
System of Protected Areas of Madagascar, which simplified and 
redefined the legal process used in protected area creation [89]. 
Under this more flexible model, community organisations, NGOs 
and the private sector are permitted to manage protected areas, in 
addition to the parastatal protected areas agency Madagascar 
National Parks [90]. Since then, several LMMAs have been 
established along the coast by NGOs working with local 
communities (Table S2). 

The Velondriake Community Managed Protected Area in 
southwest Madagascar is the country's oldest EMMA [91]. 
Velondriake spans nearly 1,000 km 2 of coral reefs, mangroves, 
lagoons, beaches and sea grass beds, making it one of the largest 
marine managed areas in Madagascar [91,92]. Home to around 
7,500 semi-nomadic Vezo, Velondriake unites 25 coastal villages 
in the co-management of local marine resources [92,93]. It is 
legally recognised as an IUCN category V MPA and was granted 
definitive protected status by inter-ministerial decree in late 2012 
[92]. Velondriake began as an initiative to improve the 
sustainability of the octopus fishery, but had since expanded to 
include aquaculture, temporary closures and the designation of 
eight permanent no-take marine reserves totalling 0.8 km 2 
[92,93]. 

The initiative is largely guided and managed by local 
communities, with technical and financial support provided by 
the British NGO Blue Ventures. Resource use and access rights 
within the area are governed by a legally recognised dina rather 
than the GELOSE framework [94]. The dina bans destructive 
fishing practices including beach seining and poison fishing, 
regulates temporary and permanent closures and grants conflict 
resolution and enforcement powers to local communities, allowing 
them to impose fines and utilise the regional court system in cases 
where conflict resolution is unsuccessful [92,93]. 

Velondriake's perceived success has triggered widespread 
replication of the EMMA approach. Over the last 7 years, 34 
LMMAs have been established along Madagascar's northern, 
western and southern coasts. Taken together, these initiatives 
presently cover 6.9% of the seabed, 6,635.3 km 2 . In 2014, the 
Barren Islands is expected to add a further 4,290 km to the total. 
This scaling up is unparalleled in the Western Indian Ocean, yet it 
has been achieved at low cost, without financial support from 
central government [93]. With severe constraints continuing to 
inhibit the country's capacity for environmental governance, 
Madagascar's LMMAs may offer an encouraging and locally 
acceptable solution to the challenges of marine resource manage- 
ment [93]. 

Mozambique. In Mozambique, the concept of fisheries co- 
management is enshrined in the 2003 Regulation on Marine 
Fisheries, which establishes co-management institutions at the 
provincial, district and local levels, as well as banning non- 
artisanal fisheries within three nautical miles of the coast [95]. The 



Decree introduces two types of institution: Fishing Community 
Councils (CCPs - Conselho Comunitario de Pescas) and Co- 
management Committees (CCG - Comite de Co-Gestao) [95]. 
Both were later formally established through legislation adopted in 
2007 [96,97]. 

CCGs are multi-stakeholder committees formed principally at 
the provincial or district levels, but also at the local level [97,98]. 
Their principal objectives include deciding closed seasons and 
permissible types of gear and protecting endangered marine 
resources as well as advising on conflict resolution among fishers, 
fishing licences and fee collection [95]. CCPs are community- 
based associations of elected community members involved in 
artisanal fisheries [97]. Analogous to Kenya and Tanzania's 
BMUs, CCPs give local stakeholders rights to establish boundaries, 
control access and promote the sustainable use of marine resources 
[95,99]. Once members have been elected and the CCP 
established, they can apply for formal legal recognition, which, if 
granted, empowers them to assume responsibility for fishing 
licences and enforcement, functions otherwise administered at the 
district level [97,100]. 

CCP adoption has largely been driven through several donor- 
led artisanal fisheries programmes, especially in the Sofala Bank 
area, where the National Institute for the Development of Small- 
Scale Fisheries and the International Fund for Agricultural 
Development (IFAD) have worked with local communities to 
establish 65 Councils along a 950-kilometre stretch of coastline 
fronting the provinces of Sofala, Zambezia and Nampula 
[100,101]. Largely as a result of these initiatives, there are 
presently at least 156 CCPs along the coasdine of Mozambique 
[102]. Taken together, it is estimated that these Councils provide a 
degree of representation to almost all coastal fishing communities 
in the country [103]. However, very few existing councils (approx. 
20) are officially recognised by the Ministry of Fisheries [100,101], 
whilst many are unaware of their rights and responsibilities, and 
frequently lack the human resources, technical capacity and 
financial support necessary for effective management and 
enforcement [96,104]. In a study of compliance with centrally 
declared fisheries controls in the Sofala Bank area, for example, 
Wilson [104] found that fewer than 10% of inspected nets 
complied with minimum mesh size regulations, whilst none of the 
fishers interviewed ceased fishing or reduced effort during the 
closed season. 

Similar technical and financial constraints have also plagued the 
higher level Co-management Committees. Outside of areas where 
they have direct support, very few CCGs are functioning, and of 
those that are, even fewer are endowed with the resources and 
awareness of community-level rights and obligations they need 
[96,98]. So far, there has been little monitoring of CCG operations 
at the central level and mechanisms for co-ordination across all 
levels of governance are practically non-existent [98] . 

As a result of these issues, this study was only able to identify one 
example of a functioning LMMA in Mozambique: the Vamizi 
Marine Sanctuary. This no-take reserve is managed by the Vamizi 
CCP, with technical and financial support from a partnership 
between an eco-lodge on Vamizi Island and WWF [105]. The 
partnership is helping to build community capacity for effective 
marine resource management by training members in reef and fish 
monitoring, developing alternative livelihood projects and provid- 
ing environmental education [105]. The Council has delineated 
the boundaries of the Sanctuary with marker buoys and receives a 
$3 fee for each dive boat that enters (Personal Communication, 
Isabel da Silva). 

Vamizi's success suggests if capacity constraints were addressed, 
more LMMAs could be established. Closed areas have already 
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been trialled in other CCPs, and research suggests that these 
initiatives, together with restrictions on gear, length and species, 
may enjoy broad community support in Mozambique, particularly 
in the Pemba region [106,107]. To this end, a new phase of the 
IFAD-financed ProPESCA initiative is aiming to strengthen the 
capacity of the CCPs and CCGs, whilst the IUCN is considering 
an intervention to support the creation of community no-take 
zones [96,100]. 

Conclusions 

This analysis shows that although MP As in the Western Indian 
Ocean cover 133,273 km 2 , only 7.0% of the region's continental 
shelf is protected by them. Less than 30% of reef-related MPAs in 
the WIO were found to offer effective ecological protection, 
though this compares favourably with global figures, where 15% 
were graded effective [24]. 

We found active LMMA initiatives in four countries that have 
passed legislation to decentralise marine resource management, 
with good potential for scaling up these initiatives in Kenya, 
mainland Tanzania and Madagascar, and lower potential in 
Zanzibar and Mozambique (Table 5). Due to underdeveloped 
legal structures supportive of local management in the other seven 
countries, no other formal LMMA initiatives were found to be in 
place, though the Seychelles [108,109], Comoros [110] and 
especially South Africa [111] have all acknowledged the potential 
of devolved management. 

At 11,329.4 km 2 , LMMAs cover 3.6% of the region's conti- 
nental shelf, with particularly pronounced differences between 
LMMA and MPA coverage in mainland Tanzania and Mada- 
gascar, where LMMAs cover 3.5 and 2.6 times more area than 
MPAs respectively. Assuming that percentage of continental shelf 
covered by LMMAs and MPAs is an acceptable proxy for the 
CBD's 10% 2020 coverage targets, Comoros, Kenya, Mozam- 
bique and Tanzania have already achieved the target, whilst 
Madagascar is on course to do so. 

Three caveats apply here. First, LMMA data were based on 
outputs from a workshop at the Seventh WIOMSA Scientific 
Symposium in Kenya in October 2011 and the Madagascar 
LMMA Forum in June 2012 [112] in addition to information 
gathered from a search of the published and grey literature and 
first-hand knowledge (MS, SP). Because many LMMAs, especially 
in Kenya and Mozambique, are small-scale, informal arrange- 
ments, information about them can be difficult to source. 
Accordingly, calculations of LMMA coverage should be consid- 
ered as conservative estimates. 

Secondly, the CBD 2020 targets call for 10% of the world's 
ecological regions to be effectively conserved. For the same reasons 
that the coverage estimates are conservative, the extent to which 
the region's LMMAs can be considered effective conservers of 
resources is largely unknown. Globally, empirical evidence that co- 
management arrangements achieve ecological [80,113] and social 
[32,36,1 14] goals is scarce and inconclusive, though this is likely to 
be due in part to the recently established nature of many LMMA 
initiatives. For example, in an examination of 42 marine co- 
management systems in Kenya, Tanzania, Madagascar, Indonesia 
and Papua New Guinea, Cinner et al. [1 15] found that although 
88% of resource users surveyed reported high levels of compliance 
and 54% perceived a benefit to their livelihoods, co-management 
could also create a degree of social inequality by favouring 
wealthier users. They additionally found that fish biomass in co- 
managed areas was generally greater than in areas without local 
management, though substantially lower than in no-take marine 
reserves in the same countries [115]. 



Thirdly, although this analysis suggests that the LMMAs are 
increasingly numerous and could help WIO nations to meet 
international biodiversity commitments, we are not necessarily 
advocating for physically larger LMMAs with greater institutional 
complexity. Although the perceived success of the Velondriake 
Community Managed Protected Area in Madagascar provides 
evidence that large LMMAs with multiple stakeholders can 
function effectively, [92,93] other studies have reached differing 
conclusions. In an examination of ten fisheries cooperatives in 
Mexico, for example, McCay et al (2014) found that few 
stakeholders and a small spatial scale were critical success factors 
in community-based management of the commons [116]. 

Evidence from a recent global review of Territorial Use Rights 
for Fisheries (TURFs) by Auriemma et al (2014) is more equivocal 
[117]. LMMAs and TURFs, the latter defined by the study as "an 
area in which individuals or communities are given some level of 
exclusive access to marine resources within a defined boundary", 
overlap in many key areas because managed access rights are often 
implemented by communities within LMMAs [117]. The analysis, 
which drew on 103 case studies in 29 countries to test, among 
others, the hypothesis that larger TURFs are less successful due to 
increasing difficulties of enforcement, found no overall effect 
[117]. The question of whether bigger LMMAs are better is thus 
largely unresolved and would benefit from additional research. 

From the country-specific analysis of LMMA implementation 
we present here, it is clear that a lack of organisational capacity, 
skills and money can all compromise the effectiveness of locally 
managed marine areas. And where areas are successful, further 
challenges may arise. For example, as biomass and fish numbers 
increase, so too may poaching, leading to further strain on 
resources devoted to enforcement [118,119]. 

Over the short-term, these issues may be best addressed through 
the establishment of an information-exchange forum to enable 
LMMA practitioners to share experiences and best practice, to 
offer training and exchange visits, and to promote local 
management to other communities and governments, especially 
in countries that have yet to devolve marine resource management 
to the local level. The forum could be modelled on the Pacific 
LMMA network and be complemented by research initiatives to 
better understand under what circumstances LMMAs may achieve 
their social and ecological objectives. Over the longer-term, the 
forum could form the basis for scaling-up LMMAs in the region 
towards a network that is lasting, effective and representative, and 
one that is complementary to centralised systematic conservation 
efforts. 
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